M eningioMas are among the most common primary intradural spinal tumors, arising predominantly in the thoracic spine. They present in patients most frequently with both local pain and motor dysfunction, although a median of 38.5% (range 4%-61%) of patients will have an identifiable degree of sphincter dysfunction upon detection. 4, 5, 7, 8, 12, [14] [15] [16] [18] [19] [20] 22 When neurologically symptomatic, these lesions normally require surgical resection because slow growth in the confined spinal canal most frequently leads to thoracic myelopathy. Serial observation and stereotactic radiosurgery have been implemented for incidental lesions, although the durability and adverse effects of such management have not yet been established. 2, 4, 5, 9, 15, 16 Although these lesions are seen frequently in clinical practice, little has been established about their epidemiology beyond what can be drawn from the more conventional cranial literature. The objective of this study was to define the incidence, demographic associations, prognosis, and epidemiology of spinal meningiomas through use of the Surveillance, Epidemiology, and End Results (SEER) database. obJect Most spinal meningiomas are intradural lesions in the thoracic spine that present with both local pain and myelopathy. By using the large prospective Surveillance, Epidemiology, and End Results (SEER) database, the authors studied the incidence of spinal meningiomas and examined demographic and treatment factors predictive of death. methodS Using SEER*Stat software, the authors queried the SEER database for cases of spinal meningioma between 2000 and 2010. From the results, tumor incidence and demographic statistics were computed; incidence was analyzed as a function of tumor location, pathology, age, sex, and malignancy code. Survival was analyzed by using a Cox proportional hazards ratio in SPSS for age, sex, marital status, primary site, size quartile, treatment modality, and malignancy code. In this analysis, significance was set at a p value of 0.05. reSultS The 1709 spinal meningiomas reported in the SEER database represented 30.7% of all primary intradural spinal tumors and 7.9% of all meningiomas. These meningiomas occurred at an age-adjusted incidence of 0.193 (95% CI 0.183-0.202) per 100,000 population and were closely related to sex (337 [19.7%] male patients and 1372 [80.3%] female patients). The Cox hazard function for mortality in males was higher (2.4 [95% CI 1.7-3.5]) and statistically significant, despite the lower lesion incidence in males. All-cause survival was lowest in patients older than 80 years. Primary site and treatment modality were not significant predictors of mortality. coNcluSioNS Spinal meningiomas represent a significant fraction of all primary intradural spinal tumors and of all meningiomas. The results of this study establish the association of lesion incidence and survival with sex, with a less frequent incidence in but greater mortality among males.
methods

Seer database
We used the SEER database, which draws from cancer registries for 18 regions of the United States and encompasses 26% of the total population. The data we investigated spanned the period from 2000 to 2010. Cases were selected from the SEER database on the basis of a microscopically confirmed diagnosis and a location of the spinal cord (International Classification of Diseases, 9th edition code C72.0), spinal meninges (C70.1), or cauda equina (C72.1), with recoding based on histology results of meningioma, benign, or malignant. The data were obtained in accordance with SEER database policies.
The overall incidence was compared with the total incidence of all spinal tumors and the total incidence of all meningiomas. Survival was defined as the time from diagnosis to death from any cause. Hazards ratios were calculated with the Cox model.
Statistical analysis
Statistical analysis was performed using SEER*Stat 8.1.2. We calculated 95% CIs with a 2000 census age-adjusted standard US population by using the Tiwari method, with a p value of 0.05 set as significant.
IBM SPSS version 21 statistical software was used for Cox analysis with 95% CIs, a 0.05 entry, a 0.10 removal, and a maximum of 20 iterations with all variables being analyzed. The trend of incidence was computed by using the curve-fit function with a p value of 0.05 set as significant using incidence calculated for each age group; the 0-to 5-year-old age group was excluded, because there were no applicable data available in the SEER database.
results incidence of Spinal meningiomas
The incidence of spinal meningiomas was calculated in the SEER database as a function of sex, age, and malignancy. There were 1709 cases identified in the SEER database, which represents an age-adjusted incidence of 0.193 per 100,000 population (95% CI 0.183-0.202 per 100,000). This population was based on census data for the US population for the time period of 2000-2010, which reflects a total population of 906,398,023. The numbers of cases, percentages of meningiomas, and incidence rates with 95% CIs are shown in Table 1 .
A statistically significant difference was identified in the incidence of spinal meningiomas in males and females (p < 0.05). The incidence in males was 0.083 per 100,000 (95% CI 0.074-0.092 per 100,000), whereas the incidence in females was 0.286 per 100,000 (95% CI 0.271-0.302 per 100,000) (337 [19. 7%] male patients and 1372 [80.3%] female patients).
The 75-to 79-year-old group had the highest incidence of spinal meningioma (0.887 per 100,000 [95% CI 0.763-1.025 per 100,000]). In the SEER*Stat calculation of incidence, there were no age groups with a significant difference in incidence (Table 1) . Incidence is shown plotted as a function of age (with 95% confidence intervals) in Fig. 1 . There were no identified spinal meningiomas in the 0-to 5-year-old age group. The trend of incidence as a function of age was found to be exponential (R 2 = 0.935; p < 0.005; F = 216).
The majority of patients in this cohort had tumors exhibiting benign characteristics; 1641 (96.0%) were benign, with an age-adjusted incidence of 0.185 per 100,000 (95% CI 0.176-0.194 per 100,000). The incidence of both borderline (35 [2.0%]) and malignant (33 [1.9%]) tumors was 0.004 per 100,000 (95% CI 0.003-0.005 per 100,000). While these incidences are different (p < 0.05), the low number of malignant tumors precluded meaningful conclusions and these were not included in further analysis.
annual percentage change for Spinal meningiomas
Age-related incidence of spinal meningiomas is shown in Fig. 1 . The overall population exhibited an incidence that was higher among females than males, and the annualized increases in incidence were higher for the female population (4.6% [95% CI -8.6% to 19.4%]) than in the overall population (3.7% [95% CI -9.3% to 18.4%]).
meningioma incidence and Spinal tumors
There were 5564 primary intradural spinal tumors in the SEER database, with an age-adjusted incidence rate of 0.616 per 100,000 (95% CI 0.600-0.633 per 100,000). There were 25 histological tumor types, of which meningiomas were the most frequent, representing 30.7% of primary intradural spinal tumors (1709 of 5564) and an age-adjusted incidence of 0.193 per 100,000 (95% CI 0.183-0.202 per 100,000). Ependymoma was the next most frequent tumor pathology (18.2%), followed by nerve sheath tumors (15.5%) and ependymoma variants (10.3%).
Spinal and intracerebral meningiomas
A total of 21,655 cases of meningioma (including intracranial and extracranial locations) were extracted from the SEER database between 2000 and 2010, representing a total incidence in the age-adjusted population of 2.408 per 100,000 (95% CI 2.376-2.44 per 100,000). The majority of meningiomas are located in the cranial compartment, but 1709 (7.9%) patients had spinal lesions. This cohort formed the study group for this work.
meningioma Survival distribution
Cox proportional hazard ratios were computed to evaluate patient survival, with the variables age, sex, marital status, primary site, size quartile, treatment, and tumor behavior. These results are listed in Table 2 . There was a lower incidence among males, although the hazard ratio for males compared with females was 2.4 (95% CI 1.7-3.5, p < 0.01, Fig. 2 ). An age of > 80 years was the reference value with the lowest overall survival, and there were statistically significantly lower hazard ratios in all other age groups.
meningioma treatment
Hazard ratios for treatment of spinal meningiomas stratified by treatment are also listed in Table 2 . Treatment was broken down into the categories of surgery alone (1613 cases), surgery with radiotherapy (26 cases), radiotherapy alone (3 cases), no treatment (62 cases), and unknown (5 cases). Despite the minority of cases treated with radiotherapy alone, there was a nonsignificant trend for radiotherapy alone exhibiting the poorest outcomes (hazard ratio 10.6 [95% CI 0.8-133.5]; p = 0.068).
discussion
Previous SEER database studies of intracranial meningiomas and tumors of the spine have been conducted, adding to the literature a range of epidemiological data related to these tumors. 1, 21 These studies examined demographic factors, incidence, and outcomes with various treatment modalities. Although histopathologically similar to their intracranial counterparts, tumors with a pathoanatomical location within the spine can complicate resection. Meningioma is the most common intradural primary spinal neoplasm, 5, 6 as confirmed by the 1709 meningiomas (30.7%) of 5564 spinal tumors we found in the SEER database (age-adjusted incidence 0.193 per 100,000 [95% CI 0.183-0.202 per 100,000]). In addition, of all meningiomas in the SEER database, the location was coded as the spine for 1709 of 21,655 cases, corresponding to 7.9% of the cases. This ratio corresponds with those in smaller studies in the literature, in which the spine accounted for 8%-12% of the locations. 5, 10, 20 Of the demographic factors examined, the difference in incidence between the sexes was found to be significant; a higher frequency among females by 3:1 to 4:1 has been well described 5, 10 and was confirmed in this nationwide cohort study with a female-to-male ratio of 3.5:1. The dis-
Fig. 1. Spinal meningioma incidence as a function of age (note the exponential relationship). Error bars reflect the 95% CIs.
crepancy in incidence between the sexes has, in the case of intracranial meningiomas, been attributed to hormonal effects in women. 23, 24 A tendency toward incidence later in life has been described, and in the present study, there was an exponential trend of incidence with respect to age. 8, 17, 18 These tumors were most frequently benign (96% of cases), supporting the known epidemiology of these lesions, with more advanced staging being much less common. 18 Survival distributions were calculated for various predictive factors; age, sex, marital status, primary site, size quartile, treatment modality, and malignant character were considered. The factors that had statistically significant hazard ratios for mortality according to the Cox model were age, sex, and size quartile. When compared with females, males had a hazard ratio of 2.424 (95% CI 1.665-3.53), and this difference was significant. The median ages of the male and female patients were 59 and 64 years, respectively. This difference is all the more important given the significantly lower incidence in males. An age of > 80 years was statistically significant compared with all other age groups; however, this was the oldest age grouping, and death from all causes was considered. This result is understandably limited because of the natural life expectancy and survival above the age of 80 years; however, age was identified as an important prognostic factor for poor outcome in several studies. 11, 17 Sandalcioglu et al. 17 described a series of 131 surgical patients, of whom 126 exhibited neurological stability or improvement, 1 died as a result of a perioperative myocardial infarction, and 4 experienced neurological deterioration. All 4 of these patients were > 70 years old, and most of them had significant tumoral calcification and a preoperative Frankel grade of C. Morandi et al. 11 operated on 30 elderly patients aged > 70 years; all the patients survived and exhibited neurological stability or improvement at the 12-month follow-up, and the all-cause mortality rate was 25% at a mean follow-up time of 62 months. These results suggest the safety and efficacy of surgical intervention for such pathology in elderly patients who are otherwise good surgical candidates. Tumor-size quartile was also predictive of survival; the second quartile (14-19 mm) had the highest hazard ratio for survival, although this result may be a statistical aberration. The differences in mortality rates with respect to benign versus malignant status were not significant in this work, potentially because of the heterogeneity in diagnostic and treatment modalities, although other studies have suggested lesser survival among patients with higher-grade lesions. 18 Radiotherapy for meningiomas is occasionally initiated without histological confirmation or for cases in which various factors render biopsy or excision impossible, and unfortunately, these cases were not considered in this study; this mostly affects the results for the outcomes of the radiotherapy-alone group. Such a modality is implemented when surgical treatment is contraindicated 15 or as an adjunct to resection of a malignant or progressively enlarging benign lesion. 3, 9, 16 In this SEER study, it is unclear if the patients who received radiotherapy alone received this treatment because of extensive disease or because they were medically complicated and not candidates for surgical resection.
This type of database study has clear limitations; however, with knowledge of the limitations, results can provide an insight into the demographics and outcomes of spinal meningiomas. Despite the large sample size, representing 26% of the US population, the SEER database was not designed specifically for the study of spinal meningiomas. In this study, the primary outcome variable was mortality; however, we were unable to consider other important secondary variables, such as neurological status (preoperative and postoperative), functional status, medical comorbidities, complications, specifics of the operative procedure, and length of hospital stay. 13 These factors, often more than mortality alone, are considered carefully when proposing the surgical resection of a meningioma to a patient. Such characteristics are especially important, given that the goal of surgery is to preserve neurological function rather than to confer a survival advantage Other factors that affect postoperative neurological status include preoperative status, 14, 17, 19 infiltration and invasion of tumor with the spinal cord, 4, 16, 18, 19 calcification of the tumor, 8, 12, 16 and anterior dural attachment, 8, 12, 16 among other factors. Although limitations exist, this type of database enables the study of large population groups and provides a sufficient number of patients for a relatively uncommon condition. SEER database studies also enable interpretations of incidence and treatment while eliminating singleinstitution selection bias or limitations from small case series. Furthermore, ours was a prospective database study, which limited the effects of patients having been removed for missing data.
conclusions
The SEER database provided insight into spinal meningioma incidence and associated mortality. Among the 1709 cases of spinal meningioma in the SEER database, incidence was found to depend on age and sex and was more frequent with advancing age and among the female population. Mortality was also affected by sex, with shorter survival among males, but was unaffected by primary tumor site or treatment administered. The results of this work can help guide surgical management of spinal meningiomas by providing the clinician and patient an estimate of demographic and treatment-related survival.
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